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WHAT IS CLAIMED IS: 

An apparatus for compensating differential picture 

brightness of an optical image due to uneven illumination from an 

endoscope imaged onto a video camera comprising 

a device for generating a* compensating signal substantially 

representing at least one parameter of a compensating waveform 

required for the differential picture brightness^ of an optical 

□ image to produce a video signal representing pxi optical image 

W having a substantially uniform brightness; ^and 
SO 

^ a logic device operatively coupled t6 said compensating 

=S signal generating device and a video signal for adding the 

p compensating signal and the video signal to produce an output 
03 / 

fU video signal having its gain both yertically and horizontally 

yi 

£j compensated to represent an.imag^ having a substantially uniform 
brightness . 

2. The apparatus of j£laim 1 wherein said compensating 
signal device further inattudes 

a device for generating a sawtooth waveform having a 
predetermined rising/slope, a predetermined falling slope and a 
controlled amplitude; and 

a device for generating a parabola waveform having a 
controlled amplitude and orientation. 

3 . The/ apparatus of Claim 2 wherein said logic device 
further includes 
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an adder operatively coupled to and adding said sawtqoth 
waveform device, said parabolic waveform device and a video 
signal to produce a compensating signal which is^pplied to an 
adder together with a video signal used as^an input to a video 
signal processor adjusting its gain berth vertically and 
horizontally by increasing the gaon of the video signal 
representing that part of U*e optical image which is less bright 
relative to a reference and reducing the gain of the video signal 
representing thaj^part of the optical image which is brighter 
than a refe^?ence and wherein said video signal representing an 
optical/fmage having a substantially uniform brightness. 

A video signal compensator for compensating 
differential picture brightness of an optical ima^e due to uneven 
illumination comprising 

a device for generating a compensating signal substantially 
representing at least one parameter/6r a compensating waveform 

required for the differential ^ircture brightness of an optical 

/ 

image to produce a video' s^jaal representing an optical image 
having a substantial ly^unifbx^brightness ; and 

an adder operajfclvely coupled to said compensating signal 
generating device and a video signal for adding the compensating 
signal and tKe video signal to produce an output video signal 
having it;s gain both vertically and horizontally compensated by 
increasing the gain of the video signal representing that part of 
the optical image which is less bright than a reference and 
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reducing the gain of the video signal representing that part/of 
the optical image which is brighter than a reference compensating 
said video signal to represent an image having a subst^tially 
uniform brightness. 

5 . The video compensator of claim 4 where/n said 
differential picture brightness of an optical/image is brighter 
at its center than at its periphery and wherein said adder adds 
p said sawtooth waveform, said parabolic w/veform and said video 
s,l signal to produce a compensating signal as an input to a video 

3 / 

=p signal processor to adjust its gaijr both vertically and 
F~ horizontally by increasing tKe\ga'in of the video signal in 



^ response the sawtooth wavefornf /representing the periphery of the 
m ( //J 

jy optical image and reducing^t^e ^ain of the video signal in 

01 

response to the parabolij/ wave £bsm_-^pre sent ing the center of the 
optical image resulting in said video signal representing an 
optical image having^ a substantially flat brightness. 

6. The vidoK) compensator of claim 4 wherein said 
differential picture brightness of an optical image is brighter 
at its periphery than at its center and wherein said adder adds 
said sawtooth waveform, said parabolic waveform and said video 
signal to/produce a compensating signal as an input to a video 
signal lprocessor to adjust its gain both vertically and 
horizontally by decreasing the gain of the video signal in 
response the sawtooth waveform representing the periphery of the 
optical image and increasing the gain of the video signal in 
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response to the parabolic waveform representing the centej/of the 
optical image resulting in said video signal representing an 
optical image having a substantially flat brightnes 

7. The video signal compensator of claim 4 wherein said 
compensating signal generating device is an analog signal 
generating device. 

8. The video signal compensator ofi^ claim 4 wherein said 
compensating signal generating device jLs an digital signal 
generating device. 

9. The video signal compensator of claim 7 wherein said 
analog signal generating deylcie / comprises 

a sawtooth wave generator for generating a sawtooth waveform 
having a predetermined rising siopey a predetermined falling 
slope and controlled amplitude; 

a parabola wave/ generator for generating a parabola waveform 
having a controlled amplitude and orientation; and 

an analog /signal adder operatively coupled to said sawtooth 
sr and said parabolic wave generator to add the 
sawtooth waVeform and the parabolic waveform to produce a 
compensating signal. 

'. The video signal compensator of claim 9 further 
comprising 

a control device operatively coupled to said adder to 
increase the brightness of the compensating signal to a level 



-4- 



255 



012797 7256 613100/1560 



a 

40 

y 



ru 

m 



^0 



which is greater than the average of the differential brightness 
of the optical image due to the uneven ' illumination . 

11. The video signal compensator of claim 8 whereii/ said 
digital signal generating device produces an analog compensating 
signal including illumination and color signals and/wherein said 
digital signal generating device further include© 

a digital storage device for receiving and storing a digital 
representation of the video signal having Jftie differential 
brightness due to uneven illumination; amd 

a digital-to-analog convert e^oi^eratively coupled to said 
digital storage device for producing an analog video signal 
representing the dif f erentiall pi^ure brightness of the optical 
image due to uneven illumination ^and applying the video signal to 
a first and second adder together with the analog compensating 
signal, wherein said fir/6t adder and second adder produce as an 
output compensated analog video signal which is applied to an 
analog video signa/ processor to produce a video signal having 
its gain both vertically and horizontally compensated by 
decreasing the gain of the video signal in response the sawtooth 
waveform representing the periphery of the optical image and 
increasing the gain of the video signal in response to the 
parabol/ic waveform representing the center of the optical image 
resulting in said video signal representing an optical image 
having a substantially flat brightness. 
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12. The video signal compensator of claim 8 wherein 
digital signal generating device " includes 

a digital storage device for storing a digital 
representation of the video signal having the differential 
brightness due to uneven illumination; and 

a programmable digital processor for digitally processing a 
digital representation of the video signal representing the 
differential picture brightness of the optical image due to 
uneven illumination to produce a digital Compensating signal 
representing at least one parameter of A compensating waveform 
required to produce a video signal representing an optical image 
having a substantially unif ormy^riXhtness and applying the 
digital compensating signal /Co s/gty& adder. 

13 . The video signal compensator of claim 12 wherein said 
programmable digital processor incltides a pixel 
multiplexer/processor . 

14 . The video signal compensator of claim 8 wherein said 
digital signal generating device includes 

a digital storage device for storing, for a predetermined 
period of time, /a. digital representation of the video signal 
having the differential brightness due to uneven illumination and 
applying saad stored distal signal to an adder of adding the 
stored viraeo signal with luminance and color compensating signal. 

15/ The video signal compensator of claim 8 wherein said 
digital, signal generating device includes 
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the differential bri< 



16. An apparatus for compensating differential picture 
brightness of an optical image due to uneven illumination from an 
endoscope imaged onto a video camera comprising 



predetermined rising slope, a predetermined falling slope and a 
controlled amplitude; 

a device for generating a parabola waveform having a 
controlled amplitude and orientation; and 

a logic device operatively coupled to and adding said 
sawtooth waveform device, said parabolic waveform device and a 
video signal to produce a compensating signal which is applied to 
an adder together with a video signal used as an input to a video 
signal processor adjusting its gain both vertically and 
horizontally by increasing the gain of the video signal 
representing that part of the optical image which is less bright 
relative to a reference and reducing the gain of the video signal 
representing that part of the optical image which is brighter 
than a reference and wherein said video signal representing an 
optical image having a substantially uniform brightness. 



a device for generating a sawtooth waveform having a 
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17. The apparatus of claim 16 further comprising 

a control device operatively coupled to said logic device to 
increase the brightness of the compensating signal to a level 
which is greater than the average of the differential brightness 
of the optical image due to the uneven illumination. 

18. The Apparatus of claim 16 further including 

a video driver amplifier operatively coupled to said logic 
= device to apply the compensating signal to the video signal 

yj processor at a low impedance . 

33 

«£ 19. An apparatus for compensating for differential pictui 

h 

RJ brightness of an optical image due to uneven illumination, 
01 

comprising 

j-g means for generating a sawtooth waveform having a 

m 

,Q predetermined rising slope, a predetermined/falling slope and a 
controlled amplitude; 

means for generating a pa^aT^c^f waveform having a controlled 
amplitude; and 

an adder means operatively coupled to said sawtooth waveform 
device, said parabolic ywave form device and a video signal for 
adding the sawtooth/waveform, the parabolic waveform and the 
video signal to/produce a compensating video signal used as an 
input to a y/fdeo signal processor adjusting its gain both 
vertically and horizontally increasing the gain of the video 
signal/representing that part of the optical image which is less 
bright than a reference and reducing the gain of the video signal 
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representing that part ybf\the optical imaryo ^i.ini, ;■ iiriqhtpr 
thana^j^£ersn"c^"compensl^ video signal to represent an 

optical image having substantially uniform brightness. 

20. A video signal compensator for compensating for 
differential picture brightness of an optical image due to uneven 
illumination from an endoscope imaged onto a video sensor 
comprising 

means for generating a compensating signal substantially 

S 

*3 representing at least one parameter of a compensating waveform 

yj 

m 

^ required for the differential picture brightness of an optical 
fy image from the endoscope to produce a video signal representing 

m 

s an optical image having a substantially uniform brightness; and 
j3 adding means operatively coupled to said compensating signal 

generating means and a video signal for adding the compensating 
signal and the video signal to produce a compensating video 
signal which is applied to an input to video signal processor 
having its gain both vertically and horizontally compensated by 
increasing the gain of the video signal representing that part of 
the optical image from an endoscope which is less bright than a 
reference and reducing the gain of the video signal representing 
that part of the optical image from the endoscope which is 
brighter than a reference compensating said video signal to 
represent an optical image having a substantially uniform 
brightness . 
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21. The video signal compensator of claim 20 wherein said 
compensating signal generating means further comprising 

a sawtooth wave generator for generating a sawtooth waveform 
having a predetermined rising slope, a predetermined falling 
slope and controlled amplitude; 

a parabola wave generator for generating a parabola waveform 

having a controlled amplitude and orientation; and 

\ 

an analog signal adder operatively coupled to said sawtooth 

u 

■ r* 

ffl wave generator and said parabolic wave generator to add the 

fey 

j* sawtooth waveform and the parabolic waveform to produce a 



* I /A^ compensating signal. 

< V^^^'. The video signal compensator of claim 20 further 
comprising 

a control device operatively coupled to said adding means to 
increase the brightness of the output video signal to a level 
which is greater than the average of the differential brightness 
of the optical image due to the uneven illumination, 
/j/} K £^. A device for compensating for differential pictuj 
brightness of an optical image brighter at its ceja£*er than at its 
edges imaged onto a video cameracomprisiri 

a sawtooth wave generatc£z>-e£>? generating a sawtooth waveform 
having a predetermine^d^rising felope, a predetermined falling 
slope and a controlled amplitude; 

a parabola wave generator for generating a parabola waveform 
havincj/a controlled amplitude and orientation; 
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an adder operatively coupled to said sawtooth wave 
generator, said parabolic wave generator and a video/ signal for 
adding said sawtooth waveform, said parabolic wa/feform and said 
video signal to produce a compensating video/signal used as an 
input to a video signal processor for adjusting its gain both 
vertically and horizontal!^ cormYens^a^ed by increasing the gain of 
the video signal in response J>#e sawtooth waveform representing 
the periphery of the op^Tc^l 'image and reducing the gain of the 
video signal in r^onse to the parabolic waveform representing 
the center j^fthe optical image compensating said video signal to 
repr^s~ent an optical image having a substantially flat 
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ru 
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.brightness . 

V-^JSi^. A system comprising 

an endoscope having a proximal end and a dis-tfal end; 
a light guide located within the endoscope and extending 
from the proximal end to the distal enjT of the endoscope, said 
light guide having a light post at /its proximal end which is 
adapted to receive light energy/from a light source to transmit 
the light energy from its costal end to illuminate an operative 
site; 

an optical imag^ transferring member located with the 
endoscope and extending from the proximal end to the distal end 
of the endoscope; 

a lioHt source operatively connected to the light post to 
apply light energy to the light guide; 
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a video sensor operatively coupled to the distal end of tl 
endoscope for imaging an optical image having differential 
picture brightness due to uneven illumination; 

compensating apparatus operatively coupled to said video 
sensor comprising / 

a sawtooth wave generator for generating a/sawtooth 
waveform having a predetermined rising slope, a Redetermined 
falling slope and a controlled amplitude; / 

a parabola wave generator for generating a parabola 
waveform having a controlled amplitude andL orientation; and 

an adder operatively coupled /to said sawtooth wave 
generator, said parabolic wave generator and a video signal for 
adding said sawtooth waveform, sa/d parabolic waveform and said 
video signal to produce a compensating video signal used as an 
input to video signal processor adjusting its gain both 
vertically and horizontal^ compensated by increasing the gain of 
the video signal representing that part of the optical image 
which is less brighj/than a reference and reducing the gain of 
the video signal/representing that part of the optical image 
which is brighter than a reference compensating said video signal 
to represent/ an image having a substantially uniform brightness. 

/The system of claim 23 wherein said light guide is a 
fiber o/tic light guide and the differential picture brightness 
is brighter at its center than at its edges and wherein said 
compensating apparatus produces a compensating video signal used 
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as an input to a video signal processor adjusting its gain bot 
vertically and horizontally compensated by increasing the/gain of 
the video signal in response the sawtooth waveform representing 
the periphery of the optical image and reducinq/€he gain of the 
video signal in response to the parabolic Waveform representing 
the center of the optical image compensating said video signal to 
represent an optical image haviijgr a substantially flat 
brightness . 

>S. The system o^claim 23 further comprising 



an amplifier lor amplifying the compensated video signal; 



and 



a sensing device operatively coupled to the amplifier for 
receiving the compensated video signal and for sensing and 
removing noise therefrom. 

v ^6. A method for compensating for differential pictur-er^ 
brightness of an optical image due to uneven illumirtation 
comprising the steps of 

generating with a compens^in^signal device a compensating 
signal substantially repre>sen^ng at least one parameter of a 
compensating waveform re^uire^/for the differential picture 
brightness of anop^ical imXge^to^produce a video signal 
representing optical image having a substantially uniform 
brightness; and 

^adding with an adder operatively coupled to said 
compensating signal generating device and a video signal the 
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compensating signal and the video signal to produce an output 
compensating video signal having its gain both vertically and 
horizontally compensated by increasing the gain of the video 
signal representing that part of the optical image /which is less 
bright than a reference and reducing the gain of /he video signal 
representing that part of the optical image which is brighter 
than a reference compensating said video signal to represent an 
optical image having a substantially uniform brightness. 
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y 2%. The method of claim 26 wherein yfeaid differential 

m / 

£ picture brightness of an optical image As brighter at its center 

jy than at its edges and wherein the jdt&p jof adding produces a 

1^ compensating signal used as an jhwt^J> a video signal processor 

58 ( / 

Py adjusting its gam both vertica^lyand horizontally compensated 
in bv increasing the gain of the /Vide o\signal in response the 

sawtooth waveform represent/ng the edges^^f-the optical image and 
reducing the gain of the /video signal in response to the 
parabolic waveform representing the center of the optical image 
compensating said video signal to represent an optical image 
having a substantially flat brightness. 

?M 7 

)&^. The method of claim 26 wherein said differential 
picture brightness of an optical image is brighter at its edges 
than at its /center and wherein the step of adding 

produces af compensating signal used as an input to a video signal 
processor* adjusting its gain both vertically and horizontally by 
decreasing the gain of the video signal in response the sawtooth 
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waveform representing the edges of the optical image and 
increasing the gain of the video signal in response/to the 
parabolic waveform representing the edges of the optical image 
resulting in said video signal representing an/optical image 



having a substantially flat brightness. 

° The method of claim 26 wherein btie step of adding 
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includes a compensating signal generating device which is an 
analog signal generating device for Generating the compensating 



signal . 

>tf . The method of clai 
includes a compensating sigil 
digital signal generating 
signal . 



jferein the step of adding 
inerating device which is an 
for generating the compensating 



-.a 



The method of claim 26 further including the step of 
increasing wit/h a control device operatively coupled to said 
adder the brightness of the output video signal to a level which 
is greater than the average of the differential brightness of the 
optical ima£e due to the uneven illumination. 

33., 



^2. /The method of claim 26 further including the step of 
a Rplyi n 9 with a video driver amplifier operatively coupled 
to saAd adder the outpu't video signal to a video camera through a 
low/ impedance . 
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^J^^j Tne method of claim 29 wherein said step of^ading 
which includes a compensating signal generating device which is 
an analog signal generating device for generating the 
compensating signal further cc^R^rises tp^ steps of 



generating with a sawtooth Wj 
waveform having a predete 
falling slope and a controlled a 

generating wi/6h a parabola wave 



e generator a sawtooth 
ising slope, a predetermined 
itude; 

rator a parabola 



waveform having a controlled amplitude and orientation; and 

add^ffg with an analog signal adder the sawtooth waveform, 
the parabolic waveform and the video signal to produce a 
compensating signal . 
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